Alanine plays an important role in liver metabolism and has to be transported from the blood-stream across the hepatocyte membrane. Transport of alanine and other amino acids in liver has been studied in various systems, e.g. perfused liver (Chambers et al., 1970) , liver slices (Tews et al., 1975) and isolated hepatocytes (Edmondson et al., 1977; McGivan et al., 1977 ; Le Cam & Freychet, 1977; Seglen & Solheim, 1978; Donner et al., 1978) . Since alanine is metabolized quickly, inhibitors of alanine degradation (Edmondson et al., 1977) or nonmetabolizable analogues (Le Cam & Freychet, 1977; Donner et al., 1978) have been used in uptake studies.
The results of these studies supply, however, only limited information on transport mechanisms because cytoplasmic reactions may interfere with processes in the plasma membrane. Isolated plasmamembrane preparations, which retain the transport capabilities of the membrane in vivo, offer a possibility for circumvention of this problem. Vesicular plasma-membrane preparations have already been used in the study of amino acid transport in various tissues, e.g. kidney (Evers et al., 1976; Slack et al., 1977) , intestine (Lucke et al., 1977) and pancreas (Tyrakowski et al., 1978) .
Plasma membranes from liver have been isolated frequently after homogenization in strongly hypoosmotic media (Neville, 1968; Ray, 1970) . Bachmann & Challoner (1976) used such a plasma-membrane fraction from rat liver to study glucose transport. Large changes in osmotic strength, however, may cause damage to the membrane integrity. Furthermore, partial loss of the blood-sinusoidal region of the hepatocyte plasma membrane, which is mainly found in microsomal fractions of liver homogenates (Wisher & Evans, 1975) , cannot be excluded.
We report here the isolation ofa plasma-membrane preparation from rat liver in non-hypo-osmotic (+I mM-EDTA) and were recentrifuged for 10min at 1000g. The remaining supernatant and upper fluffy pellet were combined with the initial ones and were centrifuged for 30min at 20000g. The resulting pellet was resuspended gently in homogenization buffer (+ 1 mM-EDTA) and was layered on top of a discontinuous density gradient prepared from 13.5 ml of 39.5% (w/v) sucrose and 13.5 ml of 20 % (w/v) sucrose, both in 10mM-Hepes/KOH (pH7.5). The gradient was centrifuged for 2.5 h at 4°C and 50000g (ray. = 9.1 cm) in the SW 25.1 rotor of the Beckman Spinco Ls0 ultracentrifuge. The material at the 20/39.5y% interface was collected, diluted with 1.0/1.5 vol. of homogenization buffer and was centrifuged for 40min at 70000g. The final pellet was resuspended in homogenization buffer, by using a syringe fitted with a needle of 1.6mm internal diameter, to give a protein concentration of 5-10 mg/ml and was used immediately. Storage in small portions in liquid N2 caused little loss in transport activity, provided that the membrane suspension was thawed quickly at 40°C and kept at 0°C.
Preparation ofmitochondria
Rat liver mitochondria were isolated as described by Myers & Slater (1957) .
Transport assay
For each experiment, samples of the membrane suspension and of the incubation mixture were preincubated separately for 5min at 25°C. At zero time, 70p1 of membrane suspension was added to 70ul of incubation mixture to give the following final concentrations: 2.5-5mg of protein per ml, 0.25M-sucrose, 0.2mM-CaCl2, 5 mM-MgCI2, 0.2mM-L-[3H]alanine (250 Ci/mol), lOmM-Hepes/KOH (pH7.5) and normally 60mM-NaSCN or -KSCN. After various time intervals, a 20p1 sample was withdrawn from the suspension and added to 1 ml of ice-cold stopping solution [100mM-NaCI, 0.25M-sucrose, 0.2mM-CaCl2, lOmM-Hepes/KOH (pH 7.5)]. The diluted suspension was filtered rapidly through a Millipore filter (HAWP, 0.45,um) and washed once with 3 ml of ice-cold stopping solution within 15s of the first dilution. The filter was dried and the radioactivity was measured in a liquid-scintillation counter in a toluene/alcohol (3:1, v/v) scintillation mixture.
Assay ofenzyme activities, RNA andprotein RNA was determined by the Schmidt-Thannhauser method as described by Fleck & Munro (1962) . Glucose 6-phosphatase activity (EC 3.1.3.9) was measured as described by Swanson (1955) . The activities of (Na++K+)-ATPase (ATP phosphohydrolase, EC 3.6.1.3), cytochrome c oxidase (EC 1.9.3.1) and 5'-nucleotidase (EC 3.1.3.5) and the amount of phosphate (glucose 6-phosphatase) and protein were determined as described previously (Van Amelsvoort et al., 1977 
Results and Discussion
Rat liver plasma membranes were isolated by the procedure described, which is different from those most commonly used. Some of the characteristics of the fraction obtained are shown in Table 1 . The specific activities of the plasma-membrane marker enzymes (Na++K+)-ATPase and 5'-nucleotidase were increased 10-fold or more relative to those in the homogenate, whereas a 5-fold decrease was observed in the specific activity of cytochrome c oxidase, a mitochondrial marker enzyme. The specific activity of glucose 6-phosphatase-(a marker for endoplasmic reticulum), however, increased 3-fold, whereas the RNA content (rough endoplasmic reticulum) was unchanged. This indicates that our plasma-membrane fraction was contaminated with (predominantly smooth) endoplasmic reticulum and, to a lesser extent, with mitochondrial material. The recovery obtained by our procedure was 2.2 ± 0.1 (n = 5) mg of membrane protein per g of tissue (wet wt.).
The uptake of alanine by the plasma-membrane 100mM-sucrose (U) or 60mM-NaCSN+0.2,pM-carbonyl cyanide p-trifluoromethoxyphenylhydrazone +17pg of monensin/ml (O). In the latter case the membranes were preincubated for 5min at 25°C in the presence of the ionophores at a protein concentration of 5.2mg/ml. fraction is shown in Fig. 1 . After 20 s it had increased at least 11 -fold in the presence of an NaSCN gradient compared with that in the presence of a KSCN gradient, and 8-fold compared with that in the presence of a sucrose gradient. An overshoot is observed in the presence of NaSCN but not with KSCN or sucrose. Apparently, a transient accumulation of alanine in the plasma-membrane vesicles can take place as a result of Na+/alanine symport, with SCN-as a permeant anion. The overshoot phenomenon is completely abolished by a combination of the ionophore monensin (which catalyses an electroneutral Na+/H+ exchange) and the protonophore carbonyl cyanide p-trifluoromethoxyphenylhydrazone, which together should dissipate the Na+ gradient.
The plasma-membrane fraction was shown to be contaminated with mitochondrial material and endoplasmic reticulum (Table 1) , which might contribute to the observed effects. Purified rat liver mitochondria (see the Methods and Materials section) took up little alanine (27 pmol/mg of protein after 10min) and only in an Na+-independent fashion Vol. 174 In two experiments the rea,ction was started by the addition of membranes to the incubation mixture to give a final concentration of 0.2mM-alanine and 2OmM-NaSON (o); after 8min (t) a second pulse was given by the addition of an extra lOOmM-NaSCN (0) or lOOmM-KSCN (-). In the third experiment (C) L-alanine uptake is shown in the absence of a NaSCN gradient, followed after 8min by a pulse of lOOmM-NaSCN. The stopping solution contained l3OmM-NaCI in these experiments.
under these conditions. Digitonin, which forms an insoluble equimolar complex with cholesterol, completely inhibited the Na+-dependent alanine uptake in the plasma-membrane preparation and lowered the final equilibrium value to 7 % or less of the control (Fig. 1) at a digitonin/protein ratio of 0.3 (w/w). The latencies of the plasma-membrane marker enzyme (Na++K+)-ATPase and of the endoplasmic-reticulum marker enzyme glucose 6-phosphatase were overcome at ratios of 0.7 and 3.5 respectively (results not shown). We conclude that these contaminating membranes do not contribute significantly to the Na+-stimulated alanine uptake in the plasma-membrane fraction. The plasma membranes were isolated in a medium buffered with lOmM-Hepes/KOH (pH7.5). This implies that the electrochemical gradient of K+ in the transport assay was lower than that of Na+. Fig. 2 shows, however, that this factor is not important. After an initial alanine uptake during the first 8 min of incubation in the presence of20mM-NaSCN, a second gradient was created by the addition of either l0OmM-NaSCN or l0Omm-KSCN. This resulted in an extra uptake of alanine only with NaSCN. Assuming that the dissipation of the Na+ gradient occurs very rapidly in these membranes (Lucke et al., 1977) , one may expect that NaSCN would be equilibrated within 8min. This indicates that even under conditions where a considerable amount of Na+ is present inside the vesicles, an applied Na+ gradient can drive the uptake of alanine.
In addition, Fig. 2 shows that, when the distribution of alanine in the absence of a cation gradient had reached equilibrium, addition of 100mM-NaSCN resulted in a transiently increased uptake of alanine. These results indicate that a gradient of Na+, but not of K+, can drive an uphill transport of alanine.
A major problem associated with transport studies, in particular when the accumulation ratio is low, is in discriminating between binding of the solute to the membrane and its translocation across the membrane. The following observations exclude the former possibility: (i) the effect of monensin plus carbonyl cyanide p-trifluoromethoxyphenylhydrazone (Fig. 1) is incompatible with mere binding of alanine to the membranes; (ii) boiled membranes retain less than 9 % of the equilibrium value of radioactivity taken up by normal membranes; (iii) a similar result is obtained when distilled water is used in the transport assay instead of the usual hyperosmotic stopping solution.
We conclude that the isolated rat liver plasmamembrane fraction is capable of accumulating alanine in the presence of an Na+ gradient. Preliminary results indicate that such transport also occurs in plasma-membrane vesicles prepared from purified hepatocytes, isolated after collagenase digestion of rat liver. Whether the Na+-dependent alanine transport system is restricted to a specialized part of the hepatocyte's plasma membrane remains to be established.
